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1. Introduction 
In this project, the authors have been working on electrical 
insulation issues of a superconducting coil for the last three 
years. We focused on degradation mechanism of insulation 
system this year. The work covers subjects on [ 1] electrical 
breakdown phenomena of coolant liquid that is contaminated 
with metallic or carbon particles, [2] effects of coil quench 
and resultant thermal bubbles on electrical breakdown and [3] 
characteristics of partial discharge (PD) generated in a void 
in a solid insulation system. This year, special efforts were 
made to clarify [I] effects of conducting particles on insula-
tion performances of superfluid liquid helium (Hell) and [2] 
void PD characteristics under transient surge stress. Data ob-
tained in this project would be useful for electrical insulation 
design of LHD coils in Phase II, in which superfluid liquid 
helium will be employed as liquid coolant as well as electrical 
insulation medium. 
2. Results 
2.1 Effects of conducting free particles on breakdown char-
acteristics of superfluid liquid helium 'l 
In Phase II of the LHD project, superfluid liquid helium 
(Hell) will be employed as liquid coolant as well as electrical 
insulation medium. It is expected that significantly low vis-
cosity of Hell influences behavior of metallic free particles, 
which may contaminate Hell. It was found that basic charac-
teristics, such as particle levitation de field, particle motion 
between electrode gap, micro discharge caused by particle 
contact with an electrode, are similar to those of liquid nitro-
gen, which had been studied our previous research projects. 
However, we have newly found with liquid helium that gas-
eous bubbles were generated by the micro discharge. In nor-
mal liquid helium (Hel), generated bubbles rise up in the elec-
trode gap and last for a long time. On the other hand, bubbles 
in Hell shrink immediately after micro discharge maybe due 
to enhanced cooling effect. Breakdown voltage of liquid he-
lium contaminated by a metallic practice VB is lower than that 
of pure liquid measured with a point to plane electrode system 
Vc Pressure dependency of VB is shown in Fig. 1. It should be 
noted that a discontinuity exists around A point. These find-
ings imply [ 1] the micro discharge electrically connects a me-
tallic particle to the electrode to form an equivalent point elec-
trode which generates a high electric field in the gap, [2] a 
bubble generated by micro discharge can be a weak point of 
entire electrical insulation system and [3] bubble growth is 
suppressed in Hell. 
2.2 Void PD characteristics under transient surge stress 
and effects on insulation lifetime 2l 
De superconducting coils used in the LHD are energized 
by power source equipments which contain a lot of power elec-
tronics circuits such as a inverter. Transient surge voltages, 
which are generated by the inverter circuit, may influence PD 
characteristics and resultant electrical degradation process of 
solid insulation system. This year, we focused on effects of a 
transient voltage waveform on lifetime characteristics of a solid 
insulation. As a preliminary experiment, PD characteristics 
and insulation lifetime of epoxy resin containing an artificial 
void were investigated at room temperature. It was found that 
insulation lifetime became shorter increasing a high frequency 
component of a test voltage waveform (Fig. 2). Increasing high 
frequency voltage component produces more partial discharges 
in the void but does not influence the charge quantity. 
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Fig. 1. Effects of pressure on breakdown characteristics of 
liquid helium contaminated with a metallic particle. A 
spherical particle of radius a was set in a parallel plates 
electrode system of gap spacing g. 
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Fig. 2. Effects of high freaquency voltage component Vh on 
solid insulation lifetime degraded by void partial dis-
charge at room temperature. V1 is low frequency com-
ponent. 
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